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ABSTRACT

,High resolution spectra of the elements Fe, Ni, Zn, Ge, Se, and Mo injected

into the PLT tokamak have been recorded by the 2 meter Schwob-Fraenkel soft x-

ray multichannel spectrometer (SOXMOS). Spectra were recorded every 50 ms

during the time before and after injection. The spectral lines of the injected

element were very strong in the spectrum recorded immediately after injection,

and the transitions in the injected element were easily distinguished from the

transitions in the intrinsic elements (mostly Fe, Ti, and Cr). An accurate

wavelength scale was established using well-known reference transitions in the

intrinsic elements. The spectra recorded just prior to injection were

subtracted from the spectra recorded after injection, and the resulting spectrum

is composed almost entirely of transitions from the injected element. A large

number of An=O transitions in the Li I through K I (except Ne I) isoelectronic

sequences of the injected elements were identified in the wavelength region 70 A

to 345 A. .
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INTRODUCTION

The PLT tokamak represents a very useful tool for the study of the spectra of

highly-charged ions. Electron temperatures of up to 2.5 keV occur in the center

of the Ohmically heated discharge and persist for a time period of up to 1 sec.

Since this time period is typically long compared to the ionization and

recombination times of the highly-charged ions from the wall material, the

spectra of these ions are essentially steady during most of the plateau regime

of the discharge. The spectra of transiently injected elements are easily

detected against the steady background spectra of the intrinsic elements.

Time resolved spectra of the intrinsic elements (C, 0, Ti, Cr, Fe, and Ni) and

of injected elements have been recorded using the 2 meter Schwob-Fraenkel soft

x-ray multichannel spectrometer (SOXMOS). Spectra were recorded every 50 ms in

the 70 A - 345 A wavelength region. Corrections were made for nonlinearities in

the multichannel detector and the fiber optic transmission line, and an accurate

wavelength scale was established using well-known reference lines. A number of

spectra were added together to improve the signal-to-noise ratio. The

experimental technique and the spectra from the intrinsic elements were

presented in Ref. 1. In the present paper, we present the spectra of the

injected elements Fe, Ni, Zn, Ge, Se, and Mo.

DATA ANALYSIS
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The spectra of the injected elements were recorded by the SOXMOS

spectrometer2 "4 fitted with a 600 I/mm grating and a blaze angle of 10 31'. The

spectra were detected by a flat MgF2-coated microchannel plate (MCP) that was

coupled to a 1024 pixel photodiode array by a fiber optic transmission line. On

each discharge, data in a 50 A wide wavelength interval could be recorded, and

the wavelength region from 70 A to 345 A was covered by moving the MCP.

Spectral scans were recorded every 50 ms throughout the discharge, and typically

10 usable scans with strong spectaial :e.ures were obtained on each discharge.

Wavelength corrections were made to account for the nonlinearities in the fiber

optic taper and in the pixel positions, and a wavelength scale accurate to 0.01

A was established. At fixed times measured from the beginning of the

discharges, the 50 A wide spectra were connected together to produce a composite

spectrum covering the 70 A - 345 A wavelength range. The details of the data

reduction were given in Ref. 1.

The elements were injected during the plateau regime of Ohmically heated

discharges using the laser blowoff technique. Before the time of injection, the

recorded spectra are composed of transitions in highly-charged ions of the

elements from the wall material (mostly Fe, Ti, and Cr). We shall refer to this

spectrum as the background spectrum. At the time of injection, strong spectral

features from the injected element appear superimposed on the background

spectrum, and these spectral features diminish in the scans following injection.

The background spectrum after injection is similar to the background spectrum

before injection, and this implies that the injection is a rather minor
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perturbation on the plasma. By subtracting the spectrum recorded just before

injection from the spectrum recorded after injection, a resulting spectrum is

obtained that is composed almost entirely of transitions in the highly-charged

ions of the injected elements.

The spectra of the injected elements Fe, Ni, Zn, Ge, Se, and Mo are presented

in Figs. 1-6. These spectra are the result of subtracting the scans recorded

just before injection from the scans recorded after injection. Nearly all of

the emission features are the result of transitions in the injected element that

increase dramatically during injection and appear quite strong in the subtracted

spectra. A few of the emission features are the result of particularly strong

lines of the background elements Fe, Ti, Cr, and Ni that are increasing during

the time of injection. These lines appear in the subtracted spectra as weak

emission features and are indicated by the label BKG. Many of the dips in the

subtracted spectra are the result of background lines that are decreasing during

injection.

The identification of the spectral lines is based on previous experimental

measurements 5 - 2 3 or on the recommendations of Edlen2 4 - 2 8 . All of the strong

lines in the injected spectra of Fe, Ni, and Zn have been identified. Most of

the strong lines in the Ge, Se, and Mo spectra have been identified, but several

features remain unidentified. Transitions in the isoelectronic sequences Li I

through K I (except Ne I) have been identified. With the exception of several

Na I transitions, all of these transitions are of the type An=O and terminate on
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levels within the ground configurations of the ions. The present

identifications are summarized in Table I, and the presently measured and the

previous wavelengths are also listed. The estimated accuracy of our measured

wavelengths is 0.02 A.

CONCLUSIONS

We have presented survey spectra of the elements Fe, Ni, Zn, Ge, Se, and Mo

that were injected into the PLT tokamak plasma. An accurate wavelength scale

was established, and the wavelengths were measured to an accuracy of 0.02 A. A

number of new transitions in Ge, Se, and Mo were identified.
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FIGURE CAPTIONS

F:'. i PLT spectrum of injected iron.

Fig. 2 PLT spectrum of injected nickel.

Fig. 3 PLT spectrum of injected zinc.

Fig. 4 PLT spectrum of injected germanium.

Fig. 5 PLT spectrum of injected selenium.

Fig. 6 PLT spectrum of injected molybdenum.
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